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Raman spectrometry apparatus 
The present invention concerns a Raman spectrometry 
apparatus. 

Numerous laser Raman spectrometry assemblies are 
5 known. These assemblies include, generally, a laser 1 which 
may illuminate a macrometric or micrometric sample 2 under 
microscope (Figure 1). The Raman light thus diffused is then 
filtered by a holographic filter 3, dispersed by a spectrometer 
4 and analysed by a multichannel detector 5. The signals 

10 derived from the multichannel detector are stored and 
processed by a processing unit 6, for example, a computer. 

The object of the patent is to adapt, to the Raman 
spectrometry, new optoelectronic devices available on the 
market to provide an automated apparatus. 

15 In particular, new "solid" lasers are available providing 

sufficient illuminating powers at very competitive prices. 
However, whereas for gas lasers, the spurious rays 7 emitted 
on top of the useful laser ray 8 are easily filterable with, for 
example, an interferential filter, the "solid" lasers have the 

20 shortcoming of emitting, on top of the central ray 9, a 
continuous background 10 or of having an excessive spectral 
width (Figure 2). These lasers may, on the other hand, 
change mode or, relative to the temperature, change emission 
frequency very slightly. 

25 It is therefore compulsory, in a simplified apparatus, to 

i? control this frequency with precision. 

One may of course associate a spectrometer with the 
laser to control the width of the ray, the background and the 
emission frequency. But this operation (Figure 3) requires 

30 additional optics 11, 12 as well as an independent correction 
device 13 which must also correct the spectrometer Raman. 
There results increased complication of the installation. 

The object of the present invention is to provide a 
Raman spectrometry apparatus, simple in its design and in its 

35 operating mode, very quick and economic enabling to use the 
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same dispersion system for filtering and for detection and 
thereby enabling, advantageously, when correcting the 
wavelength of laser excitation, to correct the displacement of 
the Raman spectrum, automatically. 
5 To this end, the invention concerns a Raman 

spectrometry apparatus containing: 

- a source of excitation, 

- optical means of excitation directing a beam of 
excitation derived from that source on the sample, 

10 - means for collecting the energy diffused by the sample 

containing an inlet diffusion slot, 

- a spectral dispersion system, means for selecting the 
Raman energy, 

- a detector, 

15 - optical detection means directing the Raman energy 

thus collected and selected to the detector. 
According to the invention, 

- the optical means of excitation cause the beam of 
excitation to be dispersed by the dispersion system, 

20 and 

- said optical means of excitation containing an inlet slot 
and an outlet slot of excitation constituted by the inlet 
diffusion slot and selecting the wavelength of excitation. 

In different embodiments, the present invention also 
25 concerns the following characteristics which should be 
considered individually or according to all their technically 
possible combinations: 

- the inlet slot of excitation lies in the focal plane of the 
dispersion system, 

30 - the means of selection of the Raman energy include a 

holographic filter which stops the wavelength of excitation, 

- the means of selection of the Raman energy include 
an operatable micromirror reflective system, 

- means for sampling a portion of the beam of excitation 
35 are placed between an outlet slot of excitation and the 
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sample and enable to control the wavelength of excitation at 
its maximum of energy by the rotation of the dispersion 
system. 

In different possible embodiments, the invention will be 
5 described more in detail with reference to the appended 
drawings wherein: 

- Figure 1 is a schematic representation of a Raman 
spectrometry apparatus of the previous art; 

- Figure 2 is an example of an emission spectrum of a 
10 gas laser (Fig. 2a) and of en emission spectrum of a solid 

laser (Fig. 2b); 

r Figure 3 is a schematic representation of a Raman 
spectrometry apparatus containing a spectrometer, according 
to the previous art; 
15 - Figure 4 is a schematic representation of a Raman 

spectrometry apparatus, according to the present invention; 

- Figure 5 represent schematically an embodiment of the 
inlet slot of excitation (Fig. 5a) as well as its position in the 
Raman spectrometry apparatus (Fig. 5b) according to the 

20 invention. 

The Raman spectrometry apparatus, according to the 
invention, contains a source of excitation 14, for example, a 
solid laser emitting a beam of excitation 15. Optical means 16 
of excitation direct said beam of excitation 15 on a sample 17 

25 to be analysed by resorting to the disperser 20. The energy 
diffused by the sample 17, resulting from the interaction 
thereof with the beam of excitation 15, is collected by 
collection means 18 containing an inlet diffusion slot 19. After 
passing through said slot 19 the energy collected is sent over 

30 a spectral dispersion system 20 generally a grid. Optical 
detection means then direct the Raman energy thus collected 
and selected to a detector 22. The apparatus also contains 
means for selecting 23 the Raman energy which are placed 
preferably in front of said detector 22. 
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According to the invention, the optical means of 
excitation cause the beam of excitation 15 to be dispersed by 
the dispersion system 20, said optical means of excitation 
containing a reflector 16, an inlet slot 24 and an outlet slot of 
5 excitation constituted by the inlet diffusion slot 19 and 
selecting the wavelength of excitation. 

In a preferred embodiment, the inlet slot 24 of excitation 
lies in the focal plane of the dispersion system 20. 

The invention is illustrated by the embodiment 

10 described below. 

The Raman energy diffused by the sample 17 is 
collected by collection means 18 including a wide opening 
lens for the macrosamples or by a microscope lens for the 
microsamples. This energy is focused on the inlet diffusion 

15 slot 19 and dispersed by a dispersion system 20, for example 
a holographic grid. The spectrum is formed on optical 
detection means including a planar mirror 25, it is taken up by 
a spherical mirror 26 and re-formed on means for selecting 
the Raman energy containing, for example, an optoelectronic 

20 device with calculator-controlled micromirrors 27. 

These micromirrors 27 enable to send a selected 
spectral energy to a detector 22 which is generally a 
photomultiplier or an avalanche diode. 

The means of selection of the Raman energy also 

25 include a holographic filter 28 stopping the laser ray. Said 
filter is placed between the detector 22 and the focal plane, 
preferably in front of the detector 22, it enables to stop the 
laser ray diffused by the sample 17 as well as the laser 
energy diffused by the laser 14 inside the spectrometer. 

30 The laser 14 emits a beam 15 which is sent into the 

spectrometer by a slot 24 placed very close to the planar 
mirror 25 transmitting the spectrum (Figure 5 a) and cut in a 
very thin metal blade 29 (a few ten micrometers) blackened 
inside and on the ridge 30 of which is cut a slot of several 

35 hundredth mms in width and several mms in height (Figure 5 
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b). This metal part wherein the slot is cut, may be glued to 
the bevel 31 of the planar mirror 25, so that the slot 24 lies 
precisely on the focal plane of the Raman spectrum. 

The beam 15 goes into the spectrometer and comes out 

5 through the inlet diffusion slot 19 with the same spectral 
resolution as the Raman spectrum which it is going to 
generate. The spurious background possibly present of the 
laser is subtracted as well as the spectral width is reduced to 
the resolution of the slot. 

10 By reason of the reverse path of the light, the beam 15 

touches the sample 17 at a point which will emit the Raman 
light analysed. 

The apparatus comprises moreover means for sampling 
a portion of the beam of excitation. These means are placed 

15 between the inlet diffusion slot 19 and the sample 17. They 
enable to control the wavelength of excitation so that it lies at 
its maximum of energy. This control of the wavelength of 
excitation is operated by microrotation of the dispersion 
system 20. In an embodiment, these sampling means include 

20 a motor 32 acting on a blade 33 to send back a fraction of the 
laser light to an optic fibre 34. This optic fibre 34 carries the 
sampled energy to the detector 22 which conducts the 
measurement. 

To look for the centre of the laser ray, a piezoelectric 
25 element 35 placed behind the dispersion system, enables 
displacements of a fraction of degree. This piezoelectric 
element acts to place the dispersion system 20 so that the 
laser 14 lies at the maximum of its intensity. This system 
enables advantageously by the use of a same dispersion 
30 system to correct the wavelength of excitation and to disperse 
the Raman energy, to correct automatically the displacement 
of the Raman spectrum without any additional adjustment of 
the apparatus. 

One may analyse the spectre point-by-point while 
35 sending the energy of each mirror composing the 
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optoelectronic device with micromirrors 27 during a same 
period on the detector 22, one will obtain a single-channel 
spectrum. 

But one may also, thanks to pre-established, available, 
5 tables look for the characteristic frequencies of a body. By 
way of example, if one is looking for the presence of an 
alcohol by selecting the characteristic spectral regions, one 
may differentiate two alcohols of similar chemical nature. The 
apparatus keeps in memory the characteristic frequencies of 
10 the solids or of the liquids and thanks to indications given by 
the user, it may select the frequencies to be used and give 
the probability of presence of a body, the probability 
increases with time (by looking up more and more spectral 
elements) until definite and exact identification. 



